We have examined the cell lineage of larval and imaginal precursors of the mesodermal anlage between 10% and 60% egg length (EL) by homotopic single-cell transplantations at the blastoderm stage. Clones in the larval somatic muscles and in the fat body were derived from transplantations everywhere between 10% and 60% EL along the ventral side of the embryo. Clones frequently overlap these tissues and can extend over a maximum of four segments in the larval somatic muscles or over two morphologically-distinct parts in the fat body. Clones in the gonadal mesoderm overlap with other mesodermal derivatives and exhibit different mitotic behaviour in the two sexes. We present a blastoderm fate map for the fat body, the larval somatic muscles and the gonadal mesoderm. Clones in the imaginal muscle precursors of the abdomen, as well as of the thorax, always show a common cell lineage with larval somatic muscles and partly with other mesodermal tissues. These clones of imaginal derivatives are always found within a single segment, while the overlapping clone parts in the larval somatic muscles can label up to three segments.
Introduction
The mesoderm gives rise to different larval as well as imaginal tissues, including the fat body, somatic and visceral muscles, the heart and the blood (Poulson, 1950 ; for review, see Bate, 1993) . While the blastoderm fate map for the ectodermal anlagen of Drosophila melanogaster has been continuously refined with various experimental methods (for example, see Poulson, 1950; Lohs-Schardin et al., 1979; Hartenstein et al., 1985; Technau, 1987; Meise and Janning, 1994) , a detailed fate map of the mesoderm is still lacking. Only the expansion of the mesoderm anlage (Thisse et al., 1987; Leptin and Grunewald, 1990; Leptin, 1991; Reuter and Leptin, 1994 ) is represented in the blastoderm fate map. At this stage the mesoderm anlage extends from about 10% EL to 90% EL (EL: egg length; 0% EL: posterior pole) on the ventral side of the embryo. The dorsoventral width comprises 0% VD to 15 or 20% VD (VD: ventrodorsal; 0% VD: ventral) (Poulson, 1950; Campos-Ortega and Hartenstein, 1985) on each half of the embryo. Current mesoderm fate maps refer to embryos from late stage 9 on (Hartenstein and Jan, 1992; Hoshizaki et al., 1994) , when the parasegmental organisation of the mesodermal anlagen becomes visible (Dunin-Borkowski et al., 1995; Azpiazu et al., 1996; Riechmann et al., 1997) . Here we present a fate map of the larval somatic muscles, the fat body, the gonadal mesoderm, the visceral muscles of the hindgut and the adepithelial cells, referring to the blastodermal mesoderm anlage between 10% and 60% EL.
While the main portion of the larval somatic muscles is histolysed during metamorphosis (Robertson, 1936; Bodenstein, 1950; Crossley, 1978) , the imaginal muscles develop from groups of cells that remain in a proliferative, undifferentiated state during the larval stages (Crossley, 1978; Bate et al., 1991; Currie and Bate, 1991; Fernandes et al., 1991) . In the larval thorax these imaginal muscle precursors are arranged as adepithelial cells in a characteristic pattern on the epithelium of the thoracic imaginal discs (Poodry and Schneiderman, 1970; Bate et al., 1991; Holz et al., 1997) . In the abdomen the imaginal muscle precursors form tiny rows of cells at three different positions in each hemisegment . Investigation of the imaginal muscle primordia at the blastoderm stage by mitotic recombination has given evidence that the thoracic muscles of each segment are of separate origin (Lawrence, 1982) , indicating an early segmental restriction of their primordial cells. However, the results from single-cell transplantation reveal that the progeny of cells giving rise to larval tissues are not restricted to a single segment: the clones contributing to larval somatic muscles extended over as many as three segments (Beer et al., 1987; Holz et al., 1997 ; and the work described here). Analyses of expression patterns of the proneural gene lethal of scute (l'sc) and S59 by Carmena et al. (1995) prove a common cell lineage of imaginal muscle precursors and larval somatic muscles in the abdomen. Transplantation data obtained by Holz et al. (1997) show a common cell lineage between larval somatic muscles and adepithelial cells. Without exception, our transplantation results demonstrate a common cell lineage between imaginal muscle precursors and larval somatic muscles of the thorax as well as of the abdomen at the blastoderm stage. Furthermore, clones in larval somatic muscles can cross segmental borders, whereas the imaginal fraction of the same clone is always restricted to one single segment.
Results
To examine the cell lineages of larval as well as imaginal mesodermal derivatives at the blastoderm stage we performed single-cell transplantations between 10% and 60% EL and between 0% and 30% VD at the blastoderm stage so that mesodermal cells of the thoracic and abdominal segments could be followed. As donor strains, we used enhancer trap lines with strong nuclear b-galactosidase expression in most tissues of third instar larvae. Due to the weak staining in the visceral musculature of the midgut, it is possible that an unknown fraction of clones in this derivative was not detected (see Section 4). All clones were analysed in third instar larvae, because this stage allows larval and imaginal tissues to be examined at the same time. We carried out a total of 2236 homotopic transplantations. A total of 1468 (66%) hosts survived until they were dissected and stained as third instar larvae. In 706 of these larvae (48% of surviving larvae) a clone was detected. Of the clones, 622 marked mesodermal derivatives (Table 1) , in 83 cases ectodermal, and in one case endodermal tissues were labelled. Ectodermal clones derived from transplantations of donor cells from neighbouring germ layers (Beer et al., 1987) e.g. cells originating from the lateral border of the mesoderm anlage between 10% VD and 30% VD (Table 2) . Clones overlapping different germ layers were not observed. Comparing the clone frequencies between transplantations in which the sexes of the donor and the host were identical or not, we found no differences (data not shown).
Fate map of the fat body
The entire transplantation region was divided into ten subregions of 5% EL each between 10% and 60% EL along the embryo. Clones in the fat body were obtained at all subregions (Fig. 1) . Of the 232 clones with labelled cells in the fat body (Table 1) , 123 could be classified as belonging to morphologically-distinguishable fat body parts. Since clones can overlap two fat body parts (e.g. parts 1 and 2a or parts 2a and 2b; modified after Rizki, 1978) , it is not possible to attribute a distinct fat body part to a certain transplantation site. Nevertheless, there is a correlation between transplantation sites and fat body parts: clones in the anteriormost fat body parts 1, 2a and 2b, were obtained only after transplantations between 50% and 60% EL with a complete overlap of these primordia. Also, the subregions giving rise to the posterior fat body parts frequently overlap, but the labellings appeared in a consecutive array depending on their transplantation site. We also examined whether the relative clone frequencies in the fat body differ depending on the dorsoventral integration site of the transplanted cell. No such differences were found (Table 3) . 
The size of the fat body primordium
The clone size in 94 pure fat body clones (Table 1) varies from 2-16 cells, four and eight cells being most frequently labelled. All blastodermal precursor cells for this tissue undergo at least one mitosis, and in some cases up to four mitoses are possible. The average clone size is 6.7 cells, corresponding to an average number of two to three mitoses. Most of the clones (73%) can be explained by regular mitoses of the daughter cells, i.e. clones with two, four, eight or 16 labelled cells. Besides pure fat body labellings we found 135 clones that participate in the formation of larval somatic muscles and fat body (9 of these clones with additional overlaps, see Table 1 ). The fat body fraction of these clones varies from one to 12 cells. Clones with two or four labelled fat body cells are most frequent. The average clone size of the fat body part of these mixed clones is 4.4 cells, more than two cells smaller than the average clone size in pure fat body clones. Assuming in principle equal mitotic behaviour in pure and mixed fat body clones, this means that on average two to three cells were set aside for the partial clone in other mesodermal derivatives. The average size of pure and overlapping fat body clones is 5.5 cells.
The fat body of the donor strain consists of about 1970 cells. Dividing this number by the average clone size of 5.5 cells, we obtain about 360 cells for the size of the blastoderm anlage of the fat body. The fat body develops from ten segmental clusters, which become visible at embryonic stage 11 (Hoshizaki et al., 1994; Azpiazu et al., 1996; Rehorn et al., 1996; Sam et al., 1996) . According to this calculation, then, each of the ten future mesodermal segments will contain about 36 cells, the descendants of which will give rise to the fat body.
Fate map of larval somatic muscles
All 467 clones in larval somatic muscles whose segment identities could be determined are shown, in order of their transplantation sites, in Fig. 2 . For each transplantation-site range, the number of clones with a particular segmental distribution is indicated. Evidently, there is no precise correlation between a specific transplantation region and a single segment; indeed, a single clone can overlap up to four segments. However, there is a clear trend: the further anterior the transplantation site is, the more likely it is that a thoracic or anterior abdominal segment will be labelled. From these data we constructed a blastoderm fate map for the somatic muscles of segments T2 to A8/9 (Fig. 3 ). In correlation with the expression pattern of fushi tarazu, depicted here as an example from which to deduce the positions of the prospective ectodermal segments, the centre of the muscle primordium of a given segment matches the position of the same segment in the ectoderm. This can be seen in the exemplary graph of the two abdominal segments A4 and A7 (Fig. 3A) . Furthermore, this graph shows the Rizki, 1978) . Because some clones could not unambiguously be assigned to a particular fat body part, the transitional parts 3a/b, 3b/4 and 4/5 are also shown. Part 6 could not be evaluated because it was often damaged or absent, hence it is not included here. The left side shows the relationship between transplantation regions and labelled fat body parts. For each transplantation region, the distribution among fat body parts is shown for all the clones from that site. The background colours correspond to those associated with the fat body parts in the drawing. Sg, salivary gland; go, gonad primordium. Fig. 2 . Segmental distribution of the muscle clones, depending on transplantation region. All 467 muscle clones whose segment identities could be determined were assigned to ten transplantation regions along the A/P-axis. The numbers below the shaded part in each column represent the number of clones in that category. (The two columns on the left in each region show the most frequent clone types in the whole region (dark grey). The other columns show the remaining clone types in an anterior-posterior sequence (light grey).) For example, in the transplantation region between 55% and 60% EL, 16 clones were found in T3 and 14 clones in T2, while one clone overlapped T1 and T2. diffuse extension of the blastodermal muscle primordia, which results in partial overlap of two primordia that are separated in the ectoderm by two segments. The relative clone frequency in the larval somatic muscles is independent of the dorsoventral transplantation site of the host embryos within the region examined (Table 3) .
Estimation of muscle clone sizes
The clones we observed in larval somatic muscles appear to cover a large range of clone sizes. There are cases in which very few nuclei are labelled, as well as clones with 30 or more labelled nuclei in several muscle groups spanning up to four segments. The clone sizes in the musculature cannot be determined simply by counting the labelled nuclei, because we detected clones in which only one, or few, nuclei are stained intensely, while the surrounding nuclei exhibit a gradually weaker expression (Fig. 4A,B ). An explanation for the variability in nuclear staining might Fig. 3 . Blastoderm fate map for the thoracic and abdominal mesoderm. (A) Example of the localisation of mesodermal primordia for the abdominal segments A4 and A7. An embryo in the blastoderm stage is shown in ventrolateral view, and the region studied here is indicated by the white background (0-10% VD, 10-60% EL). The expression pattern of the pair rule gene fushi tarazu (grey stripes) is used to deduce the prospective ectodermal segments from T1 to A8. As examples, the abdominal segments A4 and A7 are marked in colour. The musculature of A4 and A7 was localised on the basis of our transplantation data; the colour intensity reflects the relative clone frequency. (B) Schematic blastoderm fate map for the larval somatic musculature of T2 to A8/9, the fat body parts 1 to 5, the gonadal mesoderm (go), the visceral musculature of the hindgut (vm) and the adepithelial cells (ac). From the clone frequencies in the larval musculature, polygonal distribution curves (third order) were calculated; each of these shows both the centre of the associated primordium and its extent along the A/P-axis. The areas representing abdominal segments A4 and A7 are coloured to correspond with (A). The primordia for the fat body parts 1 to 5, as well as those for the adepithelial cells and the gonadal mesoderm, are indicated by rectangles. Table 3 Relationship between clone frequencies in larval somatic muscles and fat body along the VD-axis be that after translation of the mRNA for b-galactosidase in the syncytial cytoplasm, the enzyme is imported into adjacent nuclei of different clonal origin, leading to a distancedependent gradient of staining intensity. In many cases we found stained and unstained nuclei together in one muscle (Fig. 4A,B) , and therefore the fusing cells obviously do not have a common cell lineage. In order to obtain an approximate minimum clone size we calculated the number of labelled muscles from a sample of 100 clones. Each muscle contributing to the clone should consist of at least one descendant of the transplanted cell. In our sample we observed clones ranging from a single labelled muscle to clones that were composed of more than ten labelled muscles. The average clone comprises four labelled muscles and therefore a minimum of four descendants of the transplanted cell. Due to the multi-layered structure of the musculature, the actual clone size was probably larger than estimated in many cases. Differences in the average number of stained nuclei between pure and overlapping muscle clones could not be determined with this approach.
Imaginal myoblasts always share common precursors with larval muscles
Most of the imaginal thoracic muscles develop from adepithelial cells of imaginal discs (Reed et al., 1975; Fernandes et al., 1991; Fernandes and Keshishian, 1996) . All clones comprising adepithelial cells share a common cell lineage with larval somatic muscles at the blastoderm stage (Holz et al., 1997) . The imaginal abdominal muscles are differentiated from myoblasts, which -like the adepithelial cells -are characterised by a persistent twist-expression in the larva Currie and Bate, 1991; Fernandes et al., 1991) .
After transplantation between 50% and 60% EL we found 18 clones of adepithelial cells, each overlapping with larval somatic muscles in the same hemisegment (Holz et al., 1997) . In four cases we observed clones overlapping abdominal imaginal muscle precursor cells and larval abdominal somatic muscles. Three of these clones were found in the lateral abdominal muscle precursors (Fig.  4C ) and one in a ventral abdominal muscle precursor. For comparison, Fig. 4D shows the array of the lateral abdominal muscle precursors in a twist/lacZ-line with cytoplasmic b-galactosidase expression in imaginal muscle precursor cells. The imaginal clone fraction is always -as observed for clones of adepithelial cells -restricted to one segment, while the larval clone fraction can cross the segmental boundary. In three additional cases we found clones overlapping larval muscles and cells which, to judge by their position, are likely to have been precursors of the lateral imaginal abdominal muscles.
Clones in the visceral muscles and in the gonadal mesoderm
In four cases we found clones in the visceral muscles of the hindgut (Table 1 ; Fig. 4E ) after transplantation at ≤13% EL. These clones, as well as six additional clones resulting from a series of transplantations at Ͻ10% EL (data not shown), never overlap with other mesodermal derivatives. We suppose that the primordium of the visceral musculature of the hindgut represents a separate anlage at the time of transplantation. We therefore included the corresponding region as a presumptive primordium in the blastoderm fate map (Fig. 3B) .
In three cases of a total of 622 we observed clones in the visceral muscles of the midgut, one of them overlapping with the fat body ( Table 1 ). The non-overlapping clones results in a clone labelling one muscle founder cell and one fusion-competent cell in a muscle of segment a and two nuclei in the fat body. Transplantation of cell 2 gives rise to a clone labelling two fat body cells and larval somatic muscles of segments a and b, consisting only of fusion-competent cells. Transplantation of cell 3 results in a clone labelling an imaginal muscle precursor solely in segment b and a larval muscle founder cell in the same segment, while the two fusion-competent cells mark muscles overlapping both segments. Note that not every larval muscle founder cell is the sibling of an imaginal muscle precursor cell, but this model provides that each imaginal muscle precursor is the sibling of a founder cell of the same segment.
resulted from transplantations between 35% and 40% EL, while the overlapping clone originated from a transplantation at 53% EL. The musculature of the midgut consists of two layers of fibres: an inner circular set and an outer longitudinal set (Elder, 1975; Tepass and Hartenstein, 1994) . In those cases in which we were able to determine the orientation of the marked fibres, we found stained nuclei only in the circular muscles. Heterotopic transplantations with cells taken from 40% EL and transplanted to 30% EL (data not shown) gave rise to two further clones in the longitudinal visceral muscles of the midgut.
After transplantation into the region between 22% and 32% EL (see also fate map Fig. 3B ) ten clones (including three clones from other experimental series, data not shown) were found in the gonadal mesoderm (Fig. 4F,G) . All clones overlap with additional mesodermal derivatives. If these clone parts label muscles, they are always located in segment A5 and overlap with A4 or A6. Overlapping parts of the larval fat body are located in the region of fat body part 4 to 5. While the seven clones in the male gonadal mesoderm (Fig. 4F ) are smaller than ten labelled cells, the three clones in the female gonadal mesoderm label more than 20 cells (Fig. 4G) . Furthermore, the labelled cells are differently distributed in the two sexes: the cells in the male gonadal mesoderm are more dispersed, while in the female gonadal mesoderm the cells are clustered tightly.
Discussion

Fate mapping in the mesoderm
From our transplantation data we constructed a blastoderm fate map (Fig. 3B) for the larval somatic muscles, the fat body, the gonadal mesoderm, the visceral muscles of the hindgut and the thoracic adepithelial cells. This fate map illustrates the considerable overlap of the primordia for somatic muscles in neighbouring segments and of the different fat body parts. The primordium of the gonadal mesoderm is restricted to an area between 22% and 32% EL and overlaps with other mesodermal tissues. The primordium of the visceral musculature of the hindgut presumably represents a separate anlage posterior to 13% EL. Clones labelling the adepithelial cells of the thoracic imaginal discs appear from 51% EL to the anterior border of the transplantation region, corresponding to the ectodermal thoracic anlagen Meise and Janning, 1993) . Additionally, the fate map shows the correlation between the position of the prospective ectodermal segments and the origin of the primordia of the larval somatic muscles.
Clones overlapping up to four segments in the larval somatic musculature (Fig. 2) clearly show that it is not possible to define their blastodermal primordia more precisely, in contrast to the ectoderm, in which segmental determination has already occurred at this stage (GarciaBellido et al., 1973; Garcia-Bellido et al., 1976; Morata and Ripoll, 1975; Wieschaus and Gehring, 1976; Meise and Janning, 1993) . On the other hand, the future cell fate is shown to depend on the position along the A/P-axis, which therefore roughly reflects the anatomy of the prospective mesodermal derivatives.
From our transplantation results we conclude that the mesodermal cells between 50% and 60% EL differentiate the larval anterior fat body (parts 1, 2a and 2b) . The frequent overlap of clones between these anterior fat body parts indicates that their precursors either originate from a single common primordium or are mixed after the first postblastodermal mitosis.
In a comparative analysis of the fat body in wild-type larvae and in homeotically-transformed larvae, which, in the ectoderm, differentiate a second mesothorax instead of a metathoracic segment, Rizki and Rizki (1978) observed a duplication of anterior fat body structures in the homeotic mutant. Based on this finding, they postulate a phylogenetically-metameric organisation of the larval fat body. More recent cell-lineage analyses with enhancer trap lines and gene expression patterns (Hartenstein and Jan, 1992; Abel et al., 1993; Hoshizaki et al., 1994; Azpiazu et al., 1996; Riechmann et al., 1997 ) also indicate a metameric organisation of the embryonic fat body precursor cells at stage 11. The furthest anterior cluster of fat body precursor cells is situated in segment T2 (Hoshizaki et al., 1994) . Therefore, at stage 11 only two fat body anlagen exist for the corresponding primordia of the three thoracic segments. The analysis of Rizki und Rizki (1978) shows that a large portion of the anterior fat body structures originates from the mesothorax. This could conceivably explain why the anterior fat body clones occupy spatially-separated fat body parts (e.g. parts 1 and 2b).
The transplantation area giving rise to clones in the gonadal mesoderm corresponds to the primordia of segments A5 to A7 in the mesoderm. Whenever clones in the gonadal mesoderm overlap somatic muscles, labellings in segment A5 are always found. This is in agreement with results of gynandromorph analyses (Szabad and Nöthiger, 1992) , which correlate the primordium for gonadal mesoderm with the segments A4 and A5. Following back markers specific for the gonadal mesoderm to earlier developmental stages indicates that the primordia are situated in parasegments 10 to 12 (Brookman et al., 1992; Boyle et al., 1997) , corresponding to a region between the posterior compartment of A4 and the anterior compartment of A7. Analysis of the effects of segmentation gene defects on gonad formation showed that only the posterior compartments of A5 and A6 are likely to take part in the specification of the gonadal mesoderm (Warrior, 1994) . Beer et al. (1987) obtained high frequencies of clones in the visceral muscles of the midgut after heterotopic transplantations from the mesodermal anlage into the dorsolateral ectodermal anlage. Our transplantation results give no evidence as to the localisation of the primordium of the visceral musculature of the midgut, although the whole lateral extent of the mesodermal anlage was examined.
Clone sizes in the mesoderm
The labelling of up to 16 cells in the fat body shows that the larval mesodermal tissues can undergo as many as four postblastodermal mitoses. Beer et al. (1987) also observed mesodermal clones that can only be explained by more than three mitoses. Bate (1993) describes a fourth mitosis for the mesoderm in late stage 11. Most pure fat body clones suggest two to four regular mitoses of all cells making up the clone and show that most cells apparently have an individual proliferation behaviour. We cannot exclude the possibility that clones in the visceral muscles of the midgut were often not detected due to the weak staining intensity in this tissue (see Section 4). Therefore, it might be possible that the small clones in the fat body share clonally-related cells in the visceral muscles of the midgut which were not detected.
Determination of clone size by counting labelled nuclei is not feasible in the larval somatic muscles because of variable staining intensities in the nuclei (Holz et al., 1997) , presumably due to the syncytial character of muscles. We can only give a minimum estimate of clone sizes. From an average of four labelled muscles per clone we infer that the transplanted cell must have undergone at least two mitoses.
Cell lineage in the mesoderm: determination after the second postblastodermal mitosis
That clones can overlap more than two mesodermal tissues (Table 1 ) -one clone overlapping four different tissues (somatic muscles, fat body, gonadal mesoderm and imaginal muscle precursor cells) -indicates that determination of the ultimate primordia and also the determinative decision of larval versus imaginal fate conceivably does not take place until after the second postblastodermal mitosis. We further infer that determination occurs after the second postblastodermal mitosis from the difference in clone distribution in pure and overlapping fat body clones, as follows. The largest pure fat body clones, consisting of 16 labelled cells, correspond to four regular postblastodermal mitoses. Presuming the same mitotic behaviour for overlapping fat body clones, a maximum of four cells are allotted to another tissue in the largest overlapping clones, with 12 fat body cells. If determination were to occur after the first postblastodermal mitosis, only eight labelled cells could be present in the fat body part. Under these assumptions, a separation into distinct tissues would not take place until after the second mitosis. Lüer et al. (1997) also presented evidence for the splitting of a common cell lineage within the mesoderm after the second postblastodermal mitosis. Similar results were obtained for the ectoderm by Meise and Janning (1993) . In the mesoderm, the second postblastodermal mitotic wave begins at 4:15 h after egg deposition (stage 9, Campos-Ortega and Hartenstein, 1985) . At this stage of development, an initial patterning of the mesoderm establishes the parasegmental primordia of the somatic and visceral muscles, the heart and the fat body mediated by genes like tinman, bagpipe and serpent (Azpiazu and Frasch, 1993; Bodmer, 1993; Staehling-Hampton et al., 1994; Azpiazu et al., 1996; Riechmann et al., 1997) .
Clones can overlap different segments in the larval somatic muscles (Beer et al., 1987; Holz et al., 1997; and this work) . This seems to indicate that the mesodermal germ layer is not yet segmentally-restricted at the blastoderm stage. In contrast, clones in imaginal muscles induced by mitotic recombination in the blastoderm show a segmental origin of their precursor cells (Lawrence, 1982) , indicating an early segmental restriction of the anlagen for the imaginal muscles. Also, clones of adepithelial cells and imaginal abdominal muscle precursor cells are always restricted to one segment. Nevertheless, partial clones in the larval muscles, which always appear together with imaginal muscle clones, can extend across segmental boundaries.
How can a precursor cell be segmentally-restricted for those daughter cells that produce imaginal tissue but not for descendants that take part in larval muscle formation?
It could be that the descendants of the transplanted cell do not spread up to the stage when the imaginal muscle precursors are separated from cells giving rise to larval muscles. Since imaginal muscle precursors arise at tightly restricted locations Currie and Bate, 1991) that are separated from one another by the full width of a segment, the apparent segmental restriction of imaginal precursors could be a result of statistical events. Migrations of muscle founder cells across segmental boundaries (Dohrmann et al., 1990) could be an additional reason for the observed spreading of larval somatic muscle clones across different segments. However, clones overlapping adepithelial cells of dorsal and ventral imaginal discs within one segment (Lawrence, 1982; Holz et al., 1997) reveal that the descendants of transplanted cells are capable of expanding, at least in the dorsoventral direction.
We therefore favour a different explanation of the segmental restriction of the imaginal muscle clones (Fig. 5) . It might be that segmental restriction of all mesodermal cells has already taken place at the blastoderm stage, as in the ectoderm. While only a few descendants of these cells utilise the information for segmental identity, namely the precursors of the imaginal muscles as well as the larval muscle founder cells, the fusion-competent cells do not maintain this segmental identity after the larval muscle founder cells and the precursors of the imaginal muscles have been determined.
The formation of larval somatic muscles is started by the fusion of single muscle founder cells with additional fusioncompetent cells to form muscle precursors. These syncytial muscle precursors fuse with further fusion-competent cells, producing one larval muscle each (Bate, 1990; Dohrmann et al., 1990; Rushton et al., 1995) . Several muscle founder cells express specific genes, e.g. nautilus (Michelson et al., 1990; Paterson et al., 1991; Abmayr et al., 1992) , S59 (Dohrmann et al., 1990) or apterous (Bourgouin et al., 1992) . These cells, a priori, appear in an organised segmental pattern. A first expression of the S59 gene product can be detected 6 h to 7 h after egg deposition (stage 11) in a single cell of the somatic mesoderm of each abdominal hemisegment (Dohrmann et al., 1990) , indicating that these cells must have precise positional information. This information might either be ensured by the cells' competence to maintain a state of segmental identity, possibly experienced in the blastoderm or be restored through exogenous processes, for instance, certain kinds of positional information can be provided by the ectoderm.
Supposing that the fusion-competent cells do not retain any information about segmental identity, they can be recruited by founder cells of adjacent segments to form syncytial muscles with cells of different segmental origin. Since clones of imaginal muscle precursors of the thorax as well as of the abdomen always overlap larval somatic muscles, we postulate that these cells obligatorily share a common cell lineage. Carmena et al. (1995) support this postulate by finding a common cell lineage between the ventral imaginal muscle precursor of the abdomen and a specific larval founder cell.
Experimental procedures
Stocks
As donor for transplantation, we used the strain SW005 with the genotype P[lArB]; ry 506 (2;3) (Sachs, Wedekind and Janning, unpublished data), which exhibits uniformly intense b-galactosidase expression in almost all larval and imaginal tissues of the third instar larva. In the gonads and the visceral muscles of the midgut this enzyme is weakly expressed. To map the gonadal mesoderm, a modified donor strain was used in which an additional P[lArB]-element on the third chromosome (Rellecke and Janning, unpublished data), with strong expression in the gonads, was crossed into the original donor strain. The strain CG9 is a null mutation for the b-galactosidase-1 gene (2L, 26A-B) (Knipple and MacIntyre, 1984) and served as the recipient in transplantation experiments. In larvae of this strain, there is background staining of pericardial and garland cells. For histological observations of abdominal imaginal myoblasts we used the strain CPS9 with the genotype P[w + , twi/lacZ] (3) (Thisse et al., 1988) . Histochemical demonstration of bgalactosidase expression was carried out as described by Meise and Janning (1993) . All stages are according to Campos-Ortega and Hartenstein (1985) . Muscle nomenclature is according to Crossley (1978) , modified according to Hooper (1986) .
Single-cell transplantation
Cells were transplanted from the mesodermal anlage between 10% and 60% EL and between 0% and 30% VD of donor embryos into homotopic positions of host embryos. The VD-positions of the donor-as well as of the hostembryos could not be measured but were estimated by following the gastrulation movements. Most transplantations were carried out at 0-10% VD. To avoid possible heterotopic effects only those transplantations were considered for further analysis in which the sites of cell removal and of integration did not deviate by more than 5% EL. The transplantations followed the technique of Meise and Janning (1993) . Single cells were transplanted at the cellular blastoderm (late stage 5(2) or 5(3) of Lawrence and Johnston (1989) ), before invagination of the mesoderm begins. Further treatment of the embryos and preparation of larvae were carried out according to Holz et al. (1997) .
